Conventional life theory defines the rolling contact fatigue (RCF) life as being determined by the maximum contact pressure (P) and the total number of stress cycles (N). However, when the life test results of bearings were analyzed, it was found that there were cases where there was little correlation between the RCF life, maximum contact pressure and the number of stress cycles. An extensive investigation has revealed that the slip velocity is an additional factor that influences the RCF life of bearings. Under special test conditions it was discovered that when the PV value, which is a product of contact pressure and slip velocity, was higher than the threshold value, a unique type of flaking occurred. The flaking originated from white microstructure that was generated at the point of the maximum PV value. Although regarded as a conventional means of increasing the maximum contact pressure, increasing the raceway curvature is an effective counter measure against the formation of white microstructure. It was also found that adding chromium to bearing material was an additional counter measure.
INTRODUCTION
Subsurface originated flaking is one of several failure modes of rolling element bearings, and originates from nonmetallic inclusions in bearing steel. Conventional life theory defines subsurface originated flaking as being determined by the maximum contact pressure (P) and the total number of stress cycles (N) 1) . However, when life test results were analyzed using a new concept of the life achievement ratio (actual life/calculated life), it became apparent that the life achievement ratio under special oil lubrication was not only dependent on the maximum contact pressure. Consequently, research to identify additional factors that influence the RCF life was carried out using deep groove ball bearings. The results of the research are reported here.
EXPERIMENTAL METHODS
A RCF test was conducted using the test machine shown in Figure 1 .Deep groove ball bearings (6206; Bore Φ30mm, OD Φ62mm and width 16mm) were tested under constant load, but different PV values. The different PV values were achieved by varying the raceway curvature of the inner ring. The test conditions are listed in Table 1 .
RESULTS AND DISCUSSION
Under constant load test conditions, the maximum contact pressure decreases as the raceway curvature is reduced (Table2). The conventional concept is that as the contact pressure is reduced, the RCF life should increase. However, the test results showed that the actual life (L 10 ) was shorter in comparison to the calculated life (L cal 
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Research was conducted to determine the reason for the conflict between the conventional life theory and the life achievement ratio. A detailed observation of the tested bearings and an investigated of the significant factors of RCF life were carried out. One tested bearing with a low life achievement ratio (No. A specification, see Table 2 ) showed flaking that occurred near the edge of raceway (Photo.1). Further investigation identified that in addition to the maximum contact pressure and the total number of stress cycles, the slip velocity (V) was a significant factor, playing an important role in flaking. The RCF life is dominated by the PV value when it exceeds a given threshold value under special test conditions. As a result, flaking occurred at the point of the maximum PV value (Figure 2) . The conventional life theory of subsurface originated flaking has been that a concentration of stress occurs at the non-metallic inclusions in the bearing steel. This causes the initiation of a crack, which then propagates to produce flaking and the eventual bearing failure. However, it has been shown that flaking is generated at the point of the maximum PV value and originated from white structure 2) . The mechanism of white structure flaking was investigated and the cause under test conditions where the threshold value of PV was exceeded was identified. Hydrogen, generated from decomposed lubricant, enters the bearing material and weakens the bearing material, and then flaking occurs caused by white structure. Based on this mechanism, the authors focused on the diffusion coefficient of hydrogen in bearing material. It was attempted to develop a bearing material that offers greater resistance to the formation of white structure flaking. As a result it was discovered that adding chromium to the bearing material was an effective counter measure against the transfer of hydrogen.
The chromium addition prevented the accumulation of hydrogen in the microscopic defects at the maximum shearing stress areas. Furthermore, optimal material composition and a heat treatment method for development of a long-life material (SHX3 steel) were established.
Deep groove ball bearings (No. A specification, see Table 2 ) made from SAE52100 steel and the newly developed SHX3 steel were tested. Life test results (Figure 3) showed that life of SHX3 steel was ten times longer life than that of SAE52100 steel.
CONCLUSION
Investigating new factors for determining RCF life with deep groove ball bearings resulted in the following conclusions:
1) The life achievement ratio increases in proportion to the raceway curvature. 2) Rolling contact fatigue life is dominated by the PV value. When it exceeds a given threshold under test conditions, as the result, flaking occurred at the maximum point of PV value originated from white structures. 3) Increasing the raceway curvature and SHX3 steel (higher chromium content) are effective counter measures against white structure flaking. 
